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(57) ABSTRACT

Deep-ireezing apparatus for foodstulls comprising a deep-
freezing compartment, signal display means, sensor means
adapted to detect the temperature inside the foodstulfs stored
in said deep-freezing compartment, processing means for the
signals generated by said sensor means, wherein the appara-
tus Turther comprises a neural network adapted to receive the
signals 1ssued by a temperature sensor situated inside the
foodstull being deep-frozen and by an information on the
time elapsed from the beginning of the deep-freezing process,
and further adapted to provide a signal representative of the
residual time needed to reach a pre-set (deep-ireezing) tem-
perature, as well as processing means adapted to recetve the
signal output by said neural network and provide 1n response
an information representative of the predicted time needed for
a pre-determined temperature to be reached on said first tem-
perature sensor.

10 Claims, 5 Drawing Sheets
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1
DEEP-FREEZER WITH NEURAL NETWORK

The present mnvention refers to an improved kind of appa-
ratus for deep-freezing food products containing water,
adapted to indicate 1n advance the time needed for the tem-
perature at a defined location or site on or 1nside a given food
product—as detected by an appropriate temperature sensor—
to reach a pre-determined value below the freezing tempera-
ture, as well as the moment at which said temperature 1s
reached.

Known 1n the art are foodstull deep-ireezing appliances—
in particular for use 1 professional kitchens and mass-cater-
ing applications in general—which are intended or required
to deep-1reeze quite considerable amounts of food products in
an altogether short time. In deep-freezers of this kind, the
freezing temperature to be reached 1n such applications is
generally pre-set by applicable standard regulations, but can
of course be also selected 1n accordance to individual particu-
lar needs or requirements.

Usually, the final freezing temperature is the temperature
that 1s detected 1nside or, more exactly, at the core of the food
product being frozen, since one can be fully confident, actu-
ally, that when the temperature at the core of a food product
has eventually reached down to a given value, the temperature
at the other sites of the same product is certainly lower than or,
at most, equal to the value of said core temperature.

For such core temperature to be detected, use 1s generally
made 1n the art of a special needle-like stick carrying a tem-
perature sensor at the tip thereof and connected 1n a manner
that 1s generally known as such 1n the art to external means
adapted to both process the signals 1ssued by said sensor and
display the resulting information.

When such sensor detects that the temperature it senses has
eventually reached down to the desired freezing value, the
related information 1s transmitted outside, where it 1s used by
either an operator or automatic control and actuation means to
appropriately intervene in response thereto and trigger the
required operations that are 1n most cases aimed at discon-
tinuing the freezing process.

No means or techniques are however known to be available
at the time being, which would actually enable the moment at
which the freezing process reaches its end point to be known
in advance.

Such limitation 1s not really felt or complained about 1n
household applications, owing to the relatively small
amounts of food products that are usually deep-frozen there
and, above all, the fact that such food products are anyway left
in the deep-1reezer without any action being actually taken by
the user at the end of the freezing process.

In professional kitchens or mass-catering applications, 1t 1s
on the contrary generally known that there exists a great
interest 1n being able to know 1n advance the moment at which
the freezing process reaches its end. It 1s a requirement that 1s
basically connected to the advantage of being able to timely
plan and schedule the freezing processes, and duly unload the
deep-ireezer for introducing new water-containing foodstuifs
there for freezing at the end of each such freezing process, and
being therefore able to effectively plan and organize both the
personnel 1n charge of these operations, and the availability
and capacity of the refrigeration equipment needed to store
the food products from the deep-ireezing process.

Up to this moment, such impossibility for the freezing time
to be effectively predicted derives essentially from the fact
that the water contained 1n water-containing food products
undergoes the well-known phase transition process, changing,
from the liquid state to the solid or 1ce one, when cooled down
to freezing temperatures lying well below zero degrees. Dur-
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2

ing this phase transition process, the temperature of the water
and 1ce mixture remains practically constant and this fact has
hitherto prevented the time needed to reach down to a tem-
perature value below the freezing one from being capable of
being predicted and calculated.

It should at this point be duly noticed that the temperature
variation process 1n a iresh food item stored 1n a refrigerating,
or freezing compartment, as brought about by a variation 1n
the temperature of the same compartment, 1s 1n principle fully
independent of the direction followed by said temperature
variation, 1.¢. whether upwards or downwards.

To state i1t 1n a simpler and synthetic manner, there 1s no
reason, actually, for believing that the laws governing the
cooking process of a food 1tem 1n an oven, 1.¢. the 1ncrease 1n
the temperature of such food item owing to an increase in the
temperature in the oven cavity, may be different from the laws
governing a deep-ireezing process, 1.€. a decrease 1n the tem-
perature inside a fresh food item as brought about by a
decrease 1n the temperature in the storage compartment of the
deep-ireezer 1n which the fresh food 1tem itself 1s contained.

In fact, what really happens in both cases 1s an energy
transier process of the same kind, 1.e. a heat-transier process,
through a body, 1.¢. the fresh food 1item, which features a given
heat-insulation coellicient that does not change whether such
transier of heat energy occurs in a way or in the opposite one,
as this 1s the case in the symmetrical heating and freezing
Processes.

Based on these considerations, 1t might therefore be natu-
rally thought that the methods and the means used 1n cooking
processes to determine 1n advance the cooking end moment,
1.¢. the moment at which a pre-set cooking temperature 1s
eventually reached, are capable of being readily transierred to
freezing processes mvolving water-containing foodstuifs.

In this connection, the patent publications EP 0 928 929 A1
to CEPEM and U.S. Pat. No. 5,389,764 to MATSUSHITA

can be cited as an example, in that both of them give quite
detailed information and teachings on the application of so-
called neural networks 1n view of providing cooking ovens
that are adapted to inform 1n advance on the end-of-cooking
moment or the time left to run to complete cooking.

However, plainly and simply transferring such teachings to
a deep-1reezing process 1s practically made impossible by the
afore-cited phase transition process, in which the temperature
remains at a constant value for a time that 1s not and cannot be
known 1n advance. As a matter of fact, in the above-men-
tioned patent publications—both of them relating to a cook-
ing process—it 1s assumed—and this assumption lies at the
basis of the teachings set forth therein, actually—that the
temperature 1s increasing in a continuous, albeit non-constant
manner.

Therefore, the occurrence of such phase transition during a
deep-ireezing process, while 1t does on the contrary not occur
at all during a cooking process, practically prevents the teach-
ings 1n said patents from being also applied to deep-ireezing
processes mvolving water-containing foodstuilfs, 1.e. food
items containing a significant percentage of water.

It would therefore be desirable, and 1t 1s actually a main
object of the present mvention to provide a deep-ireezing
apparatus of a kind provided with means that are adapted to
automatically 1ssue, during a deep-freezing process that has
already been started, an information concerning the time that
1s sti1ll left to run betfore a given deep-ireezing temperature 1s
reached.

According to the present invention, these aims, along with
further ones that will become apparent from the following
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disclosure, are reached 1n a deep-ireezing apparatus icorpo-
rating the features as defined and recited 1n the appended
claims.

Features and advantages of the present invention will any-
way be more readily understood from the description that 1s
given below way of non-limiting example with reference to
the accompanying drawings, in which:

FIG. 1 1s a diagram 1llustrating the real cooling-down and
freezing curves of some food products containing water;

FIG. 2 1s a diagram 1llustrating, on a Cartesian plane, the
relationship existing between the total deep-freezing times
and the corresponding partial times up to beginning of the
phase transition of the water, as detected 1n a number of
experiments run with different kinds of water-containing
foodstutfs:

FIG. 3 1s a diagram similar to the one appearing 1n FIG. 1,
and referred to a foodstuil of a general kind, but in which there
have been entered the times and the temperatures used in the
tollowing description;

FIG. 4 1s again a diagram of the kind shown 1n FIG. 3, in
which there have been 1ntroduced different symbols relating,
to an improved embodiment of the present invention; and

FI1G. 5 1s schematic illustration of a deep-1ireezing appara-
tus 1n accordance with the present invention.

The present mvention 1s essentially based on following
considerations and experimental findings: the curves shown
in FIG. 1 represent the temperature patterns plotted versus
time 1nside some water-containing foodstuffs 20 (FIG. 5)
stored 1n a deep-Ireezing compartment 30 of a related deep-
freezing apparatus 10 of a per se known type, which 1s held at
a much lower temperature than the represented ones (not
indicated 1n the Figure, for reasons of greater simplicity),
wherein the temperatures are detected by means of a stick-
like core temperature probe carrying a temperature sensor 40
on the tip, which 1s introduced into the mass of the foodstuil
as this 1s generally known 1n the art.

It can be noticed that these curves cover a first interval A, 1n
which they tend to gradually decrease owing to the progres-
stve cooling-down etlect inside the related foodstuils; a sec-
ond interval B, in which—upon reaching down to the freezing
temperature T,—they stabilize owing to the afore-cited phase
transition of the water from liquid into solid or ice state
occurring exactly in this time 1nterval; and a third interval C,
in which the temperature of the foodstuils, which are defi-
nitely deep-1rozen at this point, starts decreasing again, since
the phase transition process 1s now completed, until 1t even-
tually reaches down to the final value T,.

In the course of exhaustive and very accurate experiments
carried out on deep-freezing processes involving deep-ireez-
ing of water-containing food products of the most varied kind
in deep-1reezers having different characteristics and also dii-
ferent steady-state temperatures prevailing in the storage
compartment thereof, but lying anyway within the usual
range of temperatures used to deep-ireeze foodstuils 1n all
cases, a particular behaviour has been observed, on which the
present invention has 1n fact based. In this connection, let us
consider the total time t, required to complete deep-ireezing,
and the corresponding time t.(which 1s an initial fraction of
said time t,) required to proceed from the mstant T,, at which
the cooling-down process begins, up to the instant T_, at
which there on the contrary begins the phase transition pro-
cess of the water, 1.e. the actual freezing process 1n the strict
sense of the word.

These two times t, and t,have been plotted in the abscissa
and the ordinate, respectively, of a Cartesian graph shown 1n
FIG. 2, where the intersection of the respective abscissas and
ordinates generates a first point P,.
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This experiment 1s then repeated a number of times on
foodstutls that may be either of a similar or even a different
kind (wherein they shall however include water-contaiming
foodstutls 1n all cases), and each such experiment most obvi-
ously generates a respective point P,, P, . . . and so on, 1n the
manner explained above.

It has been surprisingly observed at this point that said
points P,, P, . . ., etc. are not distributed at random 1n the
diagram, but tend rather to distribute 1n a roughly aligned
mannet.

The possibility 1s 1n this way given to identify, through
mathematical processing techniques known as such 1n the art,
a correlation curve R that can be sensibly associated to a
straight line representing in a significantly true and accurate
manner the actual distribution of said points. The real purport
ol such finding 1s based on the fact that this curve represents
the behaviour of all water-containing foodstuifs in general
during a deep-freezing process ol a conventional kind, and 1t
does not depend on:

either the kind of foodstuil being processed,

or the actual temperature prevailing in the freezing com-

partment (and, as a result, it does not depend on the type
of freezing apparatus being used, either),

or even the amount of foodstuils that have to be deep-

frozen.

In other words, 1t can be basically stated that the substantial
proportionality existing between said times t, and t, which—
as noted above—does not even depend on the kind of food-
stufl being handled, 1s the actual fact on which the present
invention 1s based, 1.e. the fact that all possible variables,
which may intervene 1 determining said times, act in much
the same manner.

As a result, 1f such times are compared with each other,
these variables tend to automatically compensate and annul
cach other and, thus, disappear, 1.e. do not show up in the
comparison of the above-cited times.

It can therefore be 1n a sufliciently accurate manner con-
cluded that, when a water-containing foodstuil of any kind
whatsoever 1s being deep-1rozen from the fresh state thereof,
the time t, needed to complete the deep-ireezing process 1s
proportional to the time t.elapsing from the instant T, 1.e. the
beginning of the cooling-down process, to the mstant T _, 1.¢.
the beginning of the state transition phase.

Thus, such unexpected finding, relating to the behaviour of
water-containing foodstuils during deep-ireezing, enables
appropriate actions to be taken in view of derving a practical
advantage therefrom, as this 1s described 1n greater detail
below.

With reference to FIG. 3, which again represents the tem-
perature trend versus time inside a fresh water-containing,
foodstull being deep-irozen, a measurement 1s made of the
time t, that 1s needed to bring the temperature from a first
pre-determined level T , down to a second, again pre-deter-
mined, level T .

As the foodstull keeps being cooled down, a second mea-
surement 1s made of the time t, that 1s needed to bring the
temperature from a third pre-determined level T _, down to a
fourth, again pre-determined, level T _,,.

Finally, the temperature T, 1s recorded at the moment at
which data processing 1s performed, 1.¢. at that general instant
T, being situated after the time interval t, from said instant T,.

Thesethreedatat,,t,andT ,  areinputinaneural network
70 ( FIG. 5), which 1s adapted to work out and output the
residual timet , 1.e. the time that has still to run until the initial
freezing temperature T 1s reached from the 1nstant at which
said three above-mentioned data are processed.

[l
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The possibility theretore 1s given for the imtial time t,
needed to reach said initial freezing temperature T . starting
from the beginning of the deep-Ireezing process to be imme-
diately and easily calculated, since such time 1s of course:

(1)

where t_ 1s the time elapsed from the beginning of the deep-
freezing process, which 1s of course known on an 1nstant-by-
instant basis, at each instant.

Then, from said 1nitial time t4 as this has just been calcu-
lated according to the relation (1) explained above, there 1s
derived, with the aid of means that are generally known as
such 1n the art, as explained hereinbelow, the total time t, to
complete the deep-Ireezing process.

Finally, by subtracting from this total time t, to complete
the deep-1freezing process the actual time t_ elapsed from the
beginning of the deep-1reezing process, the desired time-to-
run value t_, 1.e. the time that 1s still needed to reach the final
freezing temperature at the end of the deep-ireezing process:

L=t

T

M

— Ir_ Iﬂl

(2)

As far as the determination of said total time t, 1s concerned,
the latter can be worked out 1 any of the following two
preferred manners, 1.€.:

According to a first method, a curve B allowing for the best
possible correlation with the results of a plurality of
deep-freezing experiments 1s calculated and 1n an appro-
priate memory there 1s stored the resulting formula:

y={fix)

which comes close to a prime polynomial 1n practical cases,
1.e.:

Y=ax+b

Introduced 1n this formula 1s the value of x, 1.e. the value of
t, as calculated and defined above, thereby immediately
obtaining the value of'Y, 1.¢. the value of t..

Thus, using the preceding relation (2), the desired value of
t , 1.e. the actual time to run to the end of the deep-ireezing
process, 1s readily found.

According to another and, for the matter, ssmpler method,
the values ot t, and t.are tabulated and, once the value of
t-1s calculated as described above, the corresponding
value of t.can be readily identified with a pre-determined
degree of accuracy using means largely known as such in
the art; then, by subtracting the time t, elapsed from the
beginning T, of the cooling-down phase from said value
of t, the desired value of t,_ 1s readily found.

At this point, 1t should most appropriately be explained—
even 1f this 1s largely known to those skilled 1n the art, actu-
ally—that said processing performed 1n view of working out
the time t needed to reach the end of the deep-ireezing
process, can be carried out at each generic mstant T, of the
time terval preceding the moment at which the temperature
T .1s reached, since the time and temperature data to be input
in the neural network can be measured and processed in such
time 1nterval.

And, most obviously, the generic instant at which such
processing 1s performed, and which 1s situated at the time t
from the beginning of the cooling-down phase, must be sub-
sequent 1o, 1.e. must take place after said measurements.

As described above, the present invention leaves room for
some advantageous improvements. A first such improvement
relates to the moment, as well as the frequency, at which the
measurement and the calculation of the time needed to com-
plete freezing must be performed. With reference to FIG. 4, it
may be for mnstance decided that the instant T _,, at which the
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6

first measurement interval of the time t; terminates, coincides
with the instant T ., at which the second measurement inter-
val of the time t, begins; 1n other words, in view of reducing
the overall measurement time 1t may be advantageous that the
two subsequent time intervals corresponding to pre-defined
temperature levels being reached, as explained hereinbelore,
are also contiguous to each other. This measure can be readily
taken and implemented without this involving any negative
implication as far as the measurements themselves and the
resulting processing steps are concerned.

A second improvement arises from the possibility, and the
advantage, for the measurement of the time t,, which 1s still
needed to complete the deep-ireezing process, to be per-
formed not only once at said instant T, but a plurality of times
within the time interval corresponding to the temperature
interval T,-T_; such possibility quite obviously arises from
the fact that what has been set forth above applies to a generic
measurement stant, 1.e. to each single generic istant and,
therefore, also to a plurality of generic instants following each
other 1n time.

Therefore, by sequentially ensuring 1n this way a continu-
ously updated measurement of the time t , the advantage 1s
obtained that the prediction provided each time by the system
becomes increasingly accurate, and this owing to both the
error margin of the neural network shrinking gradually as the
temperature T, 1.e. the temperature at which the state transi-
tion phase begins, 1s approached (until this margin fully dis-
appears when such temperature 1s eventually reached), and
the known time component, 1.e. the elapsed the time t_, gradu-
ally increases relative to the total time t..

As a result, the control means of the deep-ireezing appa-
ratus 10 (FIG. 5) can be easily and advantageously set and
programmed—using means and methods that are largely
known as such 1n the art—+to perform a plurality of successive
measurements and associated processing steps, as well as to
provide—on a real-time basis—successive indications of the
respective residual times t, that are still needed to complete
the deep- freezing process.

As far as the neural network 70 1tself 1s concerned, use can
be made of a single neural network, which must however have
been previously “instructed” with a plurality of appropriate
computation algorithms, wherein each such algorithm will
have been determined 1n relation to definite temperature lev-
cls, at which the respective instants are measured, and, there-

fore, to definite time intervals as required by the neural net-
work 70 1tself.

It will be readily apparent at this point that all 1t takes 1s to
have a definite number of measurement 1nstants and corre-
sponding preceding measurements intervals programmed 1n
the neural network along with respective algorithms, 1n order
to be able to perform the required time and temperature
(T,,.s) measurements relating to a plurality of respective
generic instants T, and input the resulting measurement data
in a respective neural network corresponding to those inter-
vals and that particular measurement instant, so as to obtain
the desired succession of times-to-run t, .

A further advantageous improvement can be obtained 1t the
fact 1s duly considered that, upon completion of the state
transition phase, 1.e. from the mstant T, on, the decrease 1n the
temperature of the foodstull goes on 1n a continuous and
predictable manner, since it 1s no longer conditioned by the
discontinuity mtroduced by the state transition phase.

Now, use can be advantageously made of such circum-
stance by providing further measurement, processing means
50 and indicator or display means 60 that, starting exactly

from the above-cited 1nstant T, will automatically and peri-
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odically generate—and display outside—information con-
cerning the residual time left to run until the end of the
deep-freezing process.

Such predicted time, which will of course replace the time
predicted according to the afore-described methods, can be
processed and worked out with such means and methods as
generally known as such 1n the art. So, for instance, use can
again be made in this connection of an appropnately
instructed neural network; alternatively, use can be made on a
computational method based on the interpolation—either lin-
car or not, based on the actual temperature (1.e. the tempera-
ture existing at the moment of measurement)—and the suc-
cessive dermvatives thereof.

Since these methods are largely known to all those skilled
in the art, and their application to the circumstances being
discussed here does not imply any particular difficulty or
iventive effort, their implementation shall not be described
here any further for reasons of brevity and greater simplicity.

No particular reference has intentionally been made
throughout this description to any particular kind of deep-
freezing apparatus, nor any particular indication has inten-
tionally been given throughout this description as far as the
type of deep-ireezing apparatus 1tself 1s concerned, since this
ol no relevance to the purposes of the present invention, as
well as because the present invention generally applies to any
kind and type of deep-ireezing apparatus that 1s adapted to
deep-ireeze water-containing foodstutfs, actually.

Moreover, the techniques used not only to provide, but also
to “instruct” neural networks, along with all related means of
an electronic type for storing, processing and displaying
information and data, as well as for detecting electric signals
that are representative of given temperatures, are generally
known as such in the art and easily implemented by those
skilled 1n the art upon completing the required experiments
and defining the required values in accordance with the above
teachings.

The mvention claimed 1s:

1. Deep-freezing apparatus for foodstutls comprising:

a deep-Ireezing compartment,

a sensor device adapted to detect a temperature inside the

foodstuils stored 1n said deep-freezing compartment,

a processing device for signals generated by said sensor
device,

a display device for displaying information worked out and
output by said processing device,

a neural network adapted to receive the signals 1ssued by
said processing device for the signals from said tempera-
ture sensor device,

and by a plurality of information pieces on a duration of
successive time intervals, each one of which measures
the time elapsing for going from a respective first tem-
perature down to a respective second temperature, and 1s
adapted to provide information relating to an estimated
time (t,) that 1s still needed for the temperature inside the
foodstull being deep-irozen to reach down to a pre-set,
still lower temperature value (T ), at which there corre-
sponds the state transition phase of the same foodstuil

and 1n that said processing device 1s adapted to receive sald
time mformation (t,) from said neural network and pro-
vide in response thereto an information representative to
the predicted time (t, ) needed for a pre-determined tem-
perature lying below said state transition temperature
(T ), and measurable by said sensor device, to be even-
tually reached.
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2. Deep-Ireezing apparatus according to claim 1, wherein
said pre-determined temperature 1s a deep-Ireezing tempera-
ture lying significantly below 0° C.

3. Deep-ireezing apparatus according to claim 2, wherein,
at a pre-determined processing mnstant (T, ), said processing
device 1s adapted to:

determine the time (t,) elapsed for the temperature
detected by said sensor device to decrease from a {first
temperature value (T ,) to a second temperature value
(T _,) lying below said first temperature value (T ), and

the time (t,) elapsed for the temperature detected by said
sensor device to decrease from a third temperature value
(T ;) to a fourth temperature value (T _,) lying below
said third temperature value (T ,),

input said times (t, ) and (t,), as well as the actual tempera-
ture value (T p},,es) measured by the sensor at the moment
of said processing step, 1n said neural network, which 1s
in turn adapted to determine the residual time (t,) still
needed for the temperature to reach down to a pre-set
value (T ),

calculate the 1nitial time (t) as the sum of the time (t,)
clapsed up to the measurement instant and the corre-
sponding residual time (t),

process said imitial time (t) by comparing it with previ-
ously stored information adapted to provide the duration
of the total time (t,) of the deep-freezing process based
on said 1nitial time (t,).

4. Deep-Ireezing apparatus according to claim 3, wherein
said processing device 1s adapted to subtract from said total
time (t,) the time (t ) elapsed from the beginning of the cool-
ing-down process, and to output the so generated time 1nfor-
mation (t, ) to external the display device.

5. Deep-ireezing apparatus according to claim 4, wherein
said first processing device, said neural network and said
second processing device are programmed and adapted to
perform the operations specified 1n the preceding claims 3
and 4 1n a repetitive manner at pre-fixed intervals.

6. Deep-freezing apparatus according to claim 5, wherein
said second temperature (T ,) coincides with said third tem-
perature (T ;).

7. Deep-Ireezing apparatus according to claim 1, wherein
said temperature at a pre-set value (1) 1s the temperature
lying close to the point at which the foodstufl starts to be
deep-frozen.

8. Deep-ireezing apparatus according to claim 1, wherein
said previously stored information 1s

a linear relation adapted to correlate said total time (t))
based on said duration of the mitial time (t) ot the
deep-1Ireezing process or, alternatively,

a numeric table, 1n which a plurality of values of said initial
time (t,) correspond to a plurality ot values ot said total
time (t,) of the entire cooling-down and deep-ireezing
process.

9. Deep-Ireezing apparatus according to claim 1, wherein
the neural network 1s adapted to provide, upon completion of
the state transition phase (T, ), a predictive information on the
time needed to reach the end of the deep-freezing process.

10. Deep-Ireezing apparatus according to claim 9, wherein
said predictive time-to-run information automatically and
periodically replaces any other information that may have
been previously supplied concerning said time needed to
reach the end of the deep-Ireezing process.
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